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[57] ABSTRACT 

A composite web structure utilizing a thin first layer of 
material having a plurality of structural fibers arranged to lie 
essentially in a unidirectional orientation. A thin second 
layer of material is positioned adjacent the first layer and 
includes a plurality of structural fibers. First and second 
layers are impregnated with a matrix material for binding 
fibers within the first and second layers and for binding the 
first and second layers together. The web may be formed into 
a composite structure such as a honeycomb core for fabri- 
cation into a paneL 

7 Claims, 3 Drawing Sheets 
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HEAT CONDUCTION HONEYCOMB CORE in the aeronautical and spacecraft fields. For example, in 

commercial aircraft, nearly ail of the movable control 

This is a continuation of application Ser. No. 0S/6S 8,063. surfaces, wing and tall leading and trailing edge fixed 

filed 29 Jul 1996 now U.S. Pat. No. 5.730.920. surfaces, doors, and interior cabin structures employ panels 

BACKGROUND OF THE INVENTION 5 ^ orrae ^ °f honeycomb cores. Such prior art cores have 

m , ^ , typically been constructed of an aluminum ox Araraid paper 

The present invention relies to a novel web and com- ( £ ow( / as Nomex) Mthou ^ morc e xpe£ive 

posite structure formed therefrom. than simple structures, the honeycomb core panel possess 

Composite iare generally an assembly of dissimdar mate- ^ lower weigh,, and is 

rials that work together to perform a function only possible „....?... . . .. , . 7^,, , . 

in the composite form. GeheMyrcomposites wclu^ resin -'° ™ li * B t0 lu 8 her <«^v,brat,on frequencies Such «»- 

matrix wiTa fiber reinforcement material. "Advanced com- ,anc f « V .«V 1 ira P ortant s^cturd elements are 

posites" generally refer to newer materials forming the resin "J" 0 ** » cl ° se . # *? d ^f/JT 

matrix or the fiber reinforcements in which the fibers possess * s ™ ade " , j h ' S .f C8 '? * ^ om ; 

a Young's Modulus of greater than 12 million. Ba " cs • * cond "J 60 " J* * MarshaU j B I ? ,< ^ tl l 0,,al 

_.. . . .„ . . . . , , 15 Encylopedia of ComposiUes. Volume 1. pgs. 488-507. Lee: 

Fibers can be constructed of Kevlar. carbon fiber Nextel. mn ^ k of Compositcs . 21. G. Lubin; and a 

^"•r " y „^ CT ^ * VHy sn ? a " dlame ' e ' brochure entitled "Honeycomb. TSB 120". Hexcel Corp. 

and turn strength and stiffness. Resins may typically consist , . . . ... , • j * m *il 

, * 6 . . | • • ■ — which describe honecomb cores in detail. Moreover, the 

of an epoxv. poly cyan ate. bismaleimide. and the like. The , . 4 , ,. . M . 

™:* _ . _ honeycomb core must have small enough cell sizes to 

*™«* ^/f n " s 5 * c rc f mat, « a,s ° affccts f 20 provide stabilization of the facings against premature buck- 

sttcngm of the finished compose structure. For example. * ^ ^ cQr£ ^,^1^^ toogh M<1 

stronger resins such as epox.es usually yield a higher ^ to enable fte a 

strength composite structure than lower strength resins such fabrication sho 

as polyester. 

Structural fibers are generally formed into yarns or rov- M Aram i d ^neycombs are used where high damage toler- 

ings which include a number of twisted or untwisted strands * ancc and f bu * e ^^tancc is a criteria. However, Aramid 

eimer plied together or formed in a continuous filament. In honeycombs lack the shear and compressive strength of 

the past, these yarns have been woven into a cloth entailing «tom»wm honeycombs. 

the application of a sizing or lubricant to achieve this Aluminum, the presently preferred core material for mini- 
condition. After weaving, the lubricant is removed and a M mum weight primary structures in spacecraft and aircraft 
surface finish is applied either to prevent or promote the also possesses problems in that using the same at one pound 
adhesion of resins which are later applied during the pre- per cubic foot density provides ample strength for the 
impregnation or assembly process. In this regard, reference primary loading of a structure, but results in a very fragile 
is made to U.S. Pat. No. 4,534,919 which discloses a carbon structure which is easily damaged when subjected to the 
fiber tow suited for resin impregnation having disrupted „ normal manufacturing, assembling and testing procedures 
parallel filaments. usc£ * m fabrication. In addition, aluminum cores do not 
Unidirectional tapes have been constructed of carbon Provide a compatible coefficient of thermal expansion rela- 
fibers or other fibers in a dry fiber form or in a form tivc t0 mc facin S ™ tcri al which is normally a carbon fiber, 
pre-impregnated with a resin matrix. For example YL. A Inc. M a result * changes in temperature result in the warpage of 
of Benicia. Calif, produces a single ply unidirectional tape ^ mc stnJcturc - Sucn warpage can occur during the panel 
under the designation XN 50A/RS-3. Such unidirectional manufacturing process as a result of cool-down from the 
tapes have been used in layup processes for the fabrication core-facing bonding temperature to room temperature, typi- 
of sporting goods and aeronautical structures such as wing caUv a 275 dc & cz fahrenheit difference. Also, warpage 
skins, solar arrays in satellites and the like. Lack of trans* occurs in outerspace if such a panel is employed as a 
verse integrity limits formation of core structures from 45 spacecraft structure when the spacecraft moves from day- 
existing unidirectional tapes, ie; they are delicate and prone li S nt to darkness and back again. 

to splitting along the side-by-side fibers. Thus, such unidi- A lightweight, thin, web having unidirectional structural 

rectional tapes are difficult to handle and process into a fibers for constructing lightweight honeycomb cores would 

honeycomb structure. be a great advance in the field of materials technology. 

Structural fibers may be formed into finished composite 50 CI ALlV niJ ~~ TwviJNrrrrixr 

structures either by employing woven or non-woven web SUMMARY OF THE INVEOTION 

reinforcing material. For example. U.S. Pat. No. 5.013.514 The present invention relates to a novel composite struc- 

proposes production of a hollow element utilizing woven or ture which is particularly useful in forrning a honeycomb 

non-woven carbon fiber mats. U.S. Pat No. 3255.062 core. 

shows a method of manufacturing a reinforced honeycomb 55 The composite structure of the present invention utilizes 

structure utilizing foam, plastic, or cardboard. U.S. Pat. No. a first layer of material having a plurality of structural fibers 

3200.489 teaches a method of making a honeycomb core arranged to lie substantially unidirectionaly within the layer, 

using stainless steel which is expanded from multiple foils In its preferred eml* Ktixnent, the first layer of material is 

or sheets which are bonded together at points. relatively thin, having a thickness of only several fibers. The 

U.S. Pat Nos. 3248275 and 3.137.604 describe a hon- 60 first layer may be composed of fibers such as carbon fiber, 

eycomb structure formed of resins impregnated in glass Kevlar fiber, polyethylene terapthalate fibers (known as 

cloth. U.S. Pat No. 4,56332 1 reveals a method of producing Spectra), and the like. 

a unitary curved structure having a honeycomb core which The composite structure also includes a second layer of 

employs woven fiber glass material and an outer layer of material positioned adjacent the first layer which also 

chopped glass fibers. 65 includes a plurality of structural fibers. The structural fibers 

The use of honeycomb core materials for constructing of the second layer may be in either random configuration, 

lightweight panels or sandwich structures is well established or unidirectional con (juration and may consist of a material 
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which is the same or different from the material of the posed of a material having a higher coefficient of thermal 

structural fibers employed in the first layer. Where the fibers expansion (CTE) than the web material, which aids in the 

of the second layer are unidirectional, such fibers lie in a application of pressure to the core during the curing process, 

different direction than the fibers in the first layer, preferably Moreover, the unidirectional fibers would all be oriented 

at about 90° relative to the unidirectional fibers of the first 5 rclati ve t0 mc thickness direction of the finished honeycomb 

layer. core sucn that the optimum performance of the honeycomb 

The composite structure of the present invention also cott Js realized 

entails means to u^egnating thefirst ^second payers ^ wcbfQr usc ifl 

with a matrix which binds the fibers wUhin the first and Q0V / comp ^ c slfUCturc ^ ^ described. 

second layers. Binding would also essentially connect the , 0 ^ "^" ^r _ _ _ . - 

first and second layers to one another to form a two-ply web » is therefore an object of the present invention^ to provide 

or tape. Such means may indude the use of a compatible a composite web which employs a first layer of unidirec- 

resin Mterial for pre-irnpregnating both layers of material. tional fibers and a second layer of structural fibers which are 

It should be further noted that the composite structure fused to the first layer by an impregnating ~ 

described herein may also include one or more additional 15 a mulu-ply tape formed thereby possess 

layers of material having a plurality of structural fibers ability in the formation of complex composite structures, 

arranged in a substantially unidirectional orientation. The It is another object of the present invention to provide a 

direction of the fibers in each of the non-adjacent unidirec- composite web which may be formed into a honeycomb 

tional layers may be coincident or non-coincident. In which possesses lower density than prior honeycombs 

addition, the composition of the structural fibers in each of 20 formed of woven fabrics or aluminum, yet possesses usable 

the unidirectional layers may be the same or different strength and stiffness. 

depending on the intended use of the composite structure. Another object of the present invention is to provide a 

For example, a mixture of 75 million psi modulus carbon composite web which may be formed into a honeycomb core 

fibers and 100 million psi modulus carbon fibers may be which has a lower coefficient of thermal expansion than 

mixed In a single layer. 25 prior honeycombs formed from woven fibrics or metal foils. 

Such multilayer ^impregnated composite web may be ^ further object of the present invention is to provide a 

formed into a honeycomb core. Further, the unidirectional composite web which may be formed into a honeycomb core 

fibers may be positioned within the honeycomb and oriented whose coefficient of thermal expansion may be set at a 

in a direction which permits side-by-side fibers to be located predetermined value. 

in the c^timum direction to bear specific loads applied to the 30 yct mothei ob j ecl of ^ present invention is to provide a 

honeycomb core. The resulting density of such a honeycomb compositc wcb which may be formed into a honeycomb core 

core is less than 2 pounds per cubic foot, and preferably, less which js simple tQ customizc for its intended use employing 

than 1 pound per cubic foot. In addition, preliminary testing mmimal tooliBg and . thus, reducing tooling costs, 

indicates that higher s*en£> and stiffness ^ ^tam^ at me invention is to provide a 

same or lower densities man is obtained by honeycomb 35 ^ w £ which ^ farm ^ into a 

cores reduced wim woven fabrics employing xientical ^ J!* vi a higher thermal conductivity per 

fibers of aluminum foiL w ^ m cajboQ ^ ^ combs 

The process for manufacturing such a honeycomb encom- & - 

passes Widing a base with a surface of geometrically Yet another object of the present mvenlion is to provide a 

«cdetermmc4focets for producing a particular honeycomb 40 composite web which may formed into a honeycomb core 

and the like. Reference is made hereat to FIG. 21.8 of the bility to warpage than pnor art aluminum honeycomb core 

treatise Handbook of Composites previously cited. The P**& of similar density. 

faceted surface is overlain with the prior described multiply Another object of the present invention is to provide a 

web structure of the present invention having a first unidi- 45 composite web which may formed into honeycomb core 

rcctional layer and a second layer which may include fibers structures having modest curvatures, including honeycomb 

of random configuration, both layers being impregnated core cell shapes known in the prior art. 

with resin material. A plurality of heat expansive mandrels Another object of the present invention is to provide 

are placed on top of the web structure over the recesses composite web which may be formed into a honeycomb core 

formed on the faceted surface of the base. Of course, the SO that is resistant to natural vibration frequencies produced by 

mandrels would be formed with a cross- sectional conflgu- and rocket engines. 

ration matching the cell structure required on any particular A f^^^ ob j ecl 0 f the present invention is to provide a 

honeycomb core. A second web or tape utilizing the com- composite web or tape having at least three layers, including 

posite structure of the present invention is placed over the unidirectional fiber lavers. to form composite structures, 

mandrels. Successive layers of tape and interleaved man- 55 ^ iaycation ' se , se& ^ a objccts and advantagcs 

drels are stacked to the desired width of the block or core. ^ &$ ^ Md fcatuICS 

Sufficient heat and pressure are then applied to the multiple ^ ^ wH| bcromc mn{ as mc sp^^on 

webs and mandrels to cure the block and for a composite ^^(,5 
structure. Pressure is either applied by a vacuum bag or 

through the stacking and restraining of the mandrels within 60 BRIEF DESCRIPTION OF THE DRAWINGS 

the core forming apparatus. After cooling, the mandrels are . . 

removed from the multiple webs or tapes leaving a curved HG. 1 is a schematic sectional view of the composite web 

honeycomb core. It should be noted that the mandrels may of the present invention depicting umdirecUonally oriented 

be composed of a heat conducting material such a fibers in one layer and random fibers in an adjoining layer, 

aluminum, copper, and the like, and may be coated with a 65 FIG. 1 A is a schematic sectional view depicting a pair of 

material which prevents the mandrels from sticking to the tapes each having unidirectionaliy oriented fibers which are 

honeycomb core. In addition, the mandrels may be com- at different angles. 
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FIG. 2 is schematic sectional view depicting multiple employed in its manufacture. A unidirectional tape pre- 

layers each having unidirectionally oriented fibers in differ- impregnated with a resin of the type depicted as first layer 

ent directions. 12 is available under the designation XN 50A/RS-3, FAW 20 

FIG. 3 is a schematic view showing the process for gm/m 2 , resin %=53±3. from Y.L.A. Inc. in Benicia. Calif, 

manufacturing the composite web depicted in FIG. 1 with a 5 Adjacent first thin layer 12 is second thin layer 16 which 

portion enlarged and in section to emphasize layering rela- includes a plurality of structural fibers 14. depicted in FIG. 

tion ships. 1- in random configuration. Plurality of random fibers 18 

FIG. 4 is a side elevational view of an apparatus employed may ■* composed of structural fibers such as those recited 

to make a honeycomb core from the composite web of the in conjunction with first layer 12. However, the fibers in 

or esent invention.- " --- -to second layer 16 may be the same or different than the fibers 

B . " « » | . , tTTtr- used in first layer 12. The width of second layer 16 in the 

FIG. 5 is an enlarged sectional view of a portion of FIG. v* ' ... . , nnrtt¥im&tAlu 

A . ... . . i j • /u c embodiment described is approximately 15 microns. 

4 showing at least one mandrel employed in the apparatus of r*r j 

Pjq ^ Resin matrix 20 transfers the load from one fiber to the 

* « \ . . • i . c evrwr* next within plurality of fibers 14 and 18. In addition, resin 

FIG. 6 is an enlarged sectional view of a portion of FIG. 15 ^ . * A K * . , fCI . *a iq 

. . . B ^ , t 4 r . , . " matrix 20 serves to com ajn plurality of fibers 14 and 18. and 

4 emphasizing adjacent composite tapes or webs employed A _ t , . f ' . . .... 

. J*, r J f . u ZTL. to connect first and second layers 12 and 16 together within 

in the formation of a honeycomb structure. _ T , f \. . . _ Jr iM 

web structure 10. In the formation of web structure It. resin 

FIG. 6A is an enlarged sectional view of a typical trio of matrix 20 fou ncl in ^ laycr 12 flows into laycr 14 

mandrels representing radiused corner portions of the same. by mc appiication of hcat 0n the other hand, resin 20 may 

FIG. 7 is a schematic isometric view depicting the orien- 20 initially be used in the second layer 16 and be caused to flow 

tation of the unidirectional fibers in a honeycomb block built j n the opposite direction toward the first layer 12. Resin 

with the apparatus of FIG. 4 and showing the conventional matrix 20 may be composed of any of the polymers of 

orientation nomenclature. epoxy. polycyanate. hismalciraide and the like. When plu- 

FIG. 8 is a partial side elevational view of a honeycomb rality of fibers 14 and 18 are carbon fibers, a polycyanate 

strucrureformedby composite materia] of the present inven- 25 resin suffices in this regard. For example, a toughened 

tion sandwiched to a facing to form a panel. polycyanate resin designated RS-3 and sold by YLA. Inc. 

For a better understanding of the invention reference is ° f Bcnicia. Calif, may be used Release papers 24 and 26 

made to the following detailed description of the preferred protect composite structure 22 and facilitate the handling of 

embodiments thereof which should be referenced to the „ the samc - Of course, release papers 24 and 26 are removed 

hereinabove described drawings. prior to use of weh structure 10 which will be described 

hereinafter. FIG. 1A depicts a web 10A having first and 

DESCRIPTION OF THE PREFERRED second layers 12 A and 14 A. each composed of unidirec- 

EMBODIMENTS tional fibers which are oriented at 90 degrees to one another. 

Various aspects of the invention revealed in the following 35 Wlih reference to FIG. 2. it may be observed that corn- 
detailed description of the preferred embodiments which P° site web 10B is described utilizing a mat layer 28 and 
should be taken in conjunction with the prior described unidirectional layers 30 . 32. and 34. Of course, a resin 
drawings matrix, such as resin matrix 20. is employed in web structure 

Tlie invention as a whole is depicted in the drawings by to bind the four hy« togefcer and l carry the load from 

reference character 10. The composite web or tapi 10 40 one fiber to the next it should be noted that ^directional 

includes as one of its elements a first layer 12 of material ^ 30 possesses fibers oriented alc^g um^on^ow 

including a plurality of structural fibers 14 arranged to lie 36 * coatra j t * ^ r J2 * nd " dcs fibers on- 

subsuZlly ^unidirectionally within layer 10. Each of the P^ndicularly *o the plane of te drawing page, te: 

plurality of fibers 14 in the present embodiment measures 5 ^ogonally relative 10 the ejection of um^onal fibers 

!o^5n5cr«ism diameter^ ^ 45 " ^7" ^ b >' a ™ ^p^ of ^ s s . FmaUy Uyex 

is ar^ximately 25 microns and is considered to be 'Hud- * ADcludes h "^ctional fibers at ar^oxtmately 45 

in fte field of composite structures. In general, a thickness ***** 10 ^ unidirectional fibers found in layers 30 and 

of a web or tape less than 40 microns is considered to be 32 * a™* 

'thin". Layer 12. as depicted in the drawings is approxi- reference to FIG. 3. it may be seen that composite 
mately 15 microns in thickness. This translates into a Fiber 50 web 10B may be formed by bringing together tapes 40 and 
Areal Weight (FAW) of less than 45 gms/nr. The plurality 42. Tape 40 consists of layers 28 and 30 while tape 42 
of fibers 14 may be Aramid fibers, carbon fibers (having an includes unidirectional layers 32 and 34. The tapes 40 and 42 
elastic Modulus as high as one hundred thirty million psi). pass through a pair of hoi nip rollers 44 and 46 which initiate 
polyethylene terapthalate fibers, and many other high per- «e flow of resin between tapes 40 and 42 to fuse or connect 
formance structural fibers. It should be noted that it is known 55 toe samc at interface 50. FIGS. 2 and 3. The fused tapes 40 
that there is good electrical and heat conduction along and 42 ovcr £ ,li;Ic: roUcr 48 ***** oato chi11 P* 3 * 6 50 
plurality of fibers 14 when ultra high modulus carbon fibers which stabilizes the tlow of the resin matrix within corn- 
are employed, having a modulus of greater than 75 milUon P°site web 10B. OuhU roller 52 directs composite web 10B 
psl Carbon fibers generally have a negative coefficient of onto takeup roller 54 for use. It should be noted that 
thermal of expansion along the length of plurality of fibers so composite web 1011 nuy also include release papers such as 
14. However, by mixing a variety of fibers, such as different release paper layers 24 and 26 shown with respect to 
carbon fibers, within first layer 12. the coefficient of thermal composite web 10. 

expansion can be rendered at about zero. Of course, substi- Referring now to I\GS. 4-6, composite web 10 may be 
tuting lower modulus carbon fibers or other fibers for carbon formed into a honey c ^mb. such as that depicted by hooey- 
fibers would result in a positive thermal coefficient of 65 comb 56 in FIG. 7. for use in panel structures such as panel 
expansion to varying degrees. The plurality of fibers 14 may 58 depicted in FIG. 8. Vurning now to FIG. 4 apparatus 59 
be continuous or plied in structure, depending on the tow is depicted for producing honeycomb core 56. Apparatus 59 
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utilizes a base plate 60 having a bottom surface 62 which 
rests on a platform or ground supported structure. The base 
plate also includes an upper surface 64 which may be coated 
by a non-stick material such as Teflon. Base plate surface 64 
is formed with a plurality of peaks and valleys, or other 
contours determining the cell shape and size of the core to 
be manufactured. In the embodiment shown in FIG. 4. upper 
surface 64 possesses an angular configuration of half of the 
form of a right regular hexagon. Fence 68 is movable 
according to directional arrow 70 and determines the length 
"of the honeycomb structure "56 to be manufactured. A first 
web or tape 72. which may comprise the composite structure 
10. is placed across upper surface 64 of base 60. beginning 
at fixed fence 74 and extending to movable fence 68. Plates 
76 and 78 attach to fences 70 and 74. respectively, and 
determine the height of the block or core 56 to be con- 
structed. It should be observed that the unidirectional fibers 
of composite structure 10 are oriented perpendicular to the 
page of the drawings in FIG. 4. 

A plurality of mandrels HO are Laid in the recesses along 
surface 64 of base plate 60. Each mandrel such as mandrel 
82. FIG. 5. accommodates the thickness of composite tape 
72 which is pressed beneath mandrel 82, and is sized to 
determine the cell size of hone comb core 56. Plurality of 
mandrels 80 are formed of heat conducting material such as 
aluminum, titanium, steel and the Like. Each mandrel of 
plurality of mandrels 80 may be coated with a layer 84 of 
non-sticking material such as Tetlon. shown with respect to 
mandrel 86 on FIG. 6. Second tape 88. FIG. 4. is then placed 
over the first row of mandrels occupying the valleys or 
recesses found in upper surface 64 of plate 60. Tape 88 may 
have the same structure as tape 72. Plurality of mandrels 80 
would include mandrels such as.mandrel 86 that overlies the 
top of tape 88, thus, pressing tapes 72 and 88 together at 
peak 90, FIG. 6 of upper surface 64 or a I the lop of another 
mandrel of plurality of mandrels 80. It should be observed 
that adhesive 92 can be placed between tapes 72 and 88 in 
certain types of cores requiring adhesion at this point, FIG. 
6\ Trio of unexpanded mandrels 8 1 . 83. a nd 85 . FIG. 6 A each 
includes radiused or curved corners 87. 89. and 91 which 
permit the high modulus fibers within the webs or tapes 100 
and 102 to accumulate in the void 104 at the intersection of 
mandrels 81. 83 and 85. Bends 106 and 108 oi 'tapes 100 and 
102 represent such accumulation. This accumulation pre- 
vents the formation of wrinkles in the webs 100 and 102 
which weakens the eventual honeycomb structure 56. Also, 
such radiused corners allow close conformance of the fibers 
to the corner of each mandrel without breakage of such 
fibers, thereat 

Vacuum bag 94. FIG. 4. is then placed over the built-up 
structure constituting a plurality of tajxs 96 and a plurality 
of mandrels 80 to a height of the desired width of finished 
core 56. Pressure may also be applied by clamping the 
assembled tapes, and mandrels log ether and heating this 
damped assembly such that the mandrels, expanding with 
the application of heat, exert the necessary pressure on the 
plurality of tapes 90. A negative pressure of between 8 and 
14 psig is applied to vacuum bag 94 and the entire apparatus 
structure 59, plurality of tapes 96. and plurality of mandrels 
80 is placed in an oven for several hours at a curing 
temperature ap propriate to the resin 20 used. The structure 
of FIG. 4 is then removed from the oven and allowed to cool 
down to room temperature. Plurality of nundrels 80 are then 
removed leaving the constructed honeycomb core 56. Fur- 
ther cooling may be necessary to achieve complete separa- 
tion of mandrels 80 from core 56. Additional resin may be 
dip coated on the surface of honeycomb core 56. as neces- 
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sary followed by additional heat curing. With reference to 
FIG. 7. it should be noted that "W\ 4 T\ and "V refer to the 
width, thickness and length dimensions of core 56. respec- 
tively. It should be realized, that the orientation of the 

5 unidirectional fibers in this example are aligned in the 
thickness direction (*T*) shown by representative patch 98. 
A sandwich facing 100 may be applied to each side of 
honeycomb core 56 i o form a panel 58 as shown in HG. 8. 

,o The thickness dimension is. also depicted in FIG. 8 for the 
sake of clarity. 

The following examples are presented to further detail the 
invention sought for patenting, but should not be deemed to 
J5 be restrictive of such invention. 

EXAMPLE I 

Employing apparatus 59, depicted In FIG. 4. honeycomb 

M blocks were constructed utilizing the composite web 
depicted in FIG. I consisting of a first layer of a unidirec- 
tional tape, 33 grams FAW. 50-55% resin. XN-50A pitch 
carbon fiber. 75 mpsi modulus, available from YL.A. of 
Benecia. Calif. The second layer included a random mat of 

25 carbon fiber 8000015. 100% PAN based carbon of the type 
available from International Paper Co. of Tuxedo N.Y. 
Blocks were also constructed with the random mat second 
layer alone, 17 gram FAW, available from the same source. 
Apparatus 59 and the u ncured blocks were placed in vacuum 

30 bag 94 under a negative pressure. The blocks were heated at 
350° F. for (3) hours in an oven, removed, and allowed to 
cool down to room temperature overnight After removing 
the mandrels following cool down, the blocks constructed of 
the composite web i 0 of FIG. 1 and radora mat alone were 

3 trimmed with a circular saw, weighed, and measured to 
determine density. IV. e following table represents density 
measurements of identified blocks prepared according to 
Example I without subsequent resin dip treatment: 



45 



50 



TABLE 1 




DENSITY 


BLOCK 


(pounds per cubic Coot) 


1. RS-3 Resin Syae.:i, tirst ply 


1:2 


of 33 gm FAW . t \'is f .30A (Nippon 




FetroChem) ai 0"; «cond pry 




of 17 FAW 33 n m CF at random 




orientation (Ini l'-.per) 




2. RS-3 Resin System, first ply 


1.0 


of 25 gm FAW of T-300 (Tony) 




at 0*; second p'y of 17 FAW, 




33 mm CF at ru! jm orienttiicD 




(Int. Paper) 


0.5 


3. RS-3 Resin Syr: - a one ply 


only of 17 Fa v.', J3 nan CF 




33 mm at raiui?. . orientation 




(Int. Paper) 


O.S 


4 RS-3 Rfisin Syn m. first ply of 


10 gm FAW of i XOToray) at 0*; 




second ply of 1 7 t'AW, 33 mm CP 




it random cunt j-j ration 





60 

The blocks of I. . !e I were treated using a solution of 
109b RS-3 resin an ; *J% methylethylketone. After removal 
from the solution. f ; blocks were cured in an oven at 350 
degrees fahrenhdi . r three hours, cooled, and reweighed. 



The following laVe represents the density measurements 
of the blocks. 
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TABLE 2 




DENSITY 


BLOCK 


(pounds per cubic foot) 


i. RS-3 Resin System, first ply 


1.3 


of 33 gm FAW of XN-50A (Nippon 




Petto Cbero) at 0*; second ply 




of 17 FAW 33 mm CF at random 




orientation (tnt Paper) 




2. RS-3 Resin System, first ply 


1.1 


of 25 gm FAW of T-300 (Toray) 




at 0*; second ply of 17 FAW. 




33 mm CF at random orientation 




(Int. Paper) 




3. RS-3 Resin System, one ply 


0.6 


only of 17 FAW, 33 mm CF 




u random orientation 




(Int. Paper) 




4. RS-3 Resin System, first ply of 


.85 


10 gm FAW of T-300 (Toray) at 0*; 




second pry of 17 FAW, 33 mm CF 




at random configuration 





5 



20 



As may be observed, each block added approximately 0.1 
pound per cubic foot to its density measurement by this 
dipping and curing process. 

Preliminary compressive strength tests indicates that 15 
blocks 1 and 2 of Tables 1 and 2 exhibits subsiantialy highly 
compressive strength over I lb. aluminum honeycombs 
currently available in satellite structures. 

While in foregoing, ernbodiments of the present invention 30 
have been set forth in considerable detail for the purposes of 
making a complete disclosure of the invention, it may may 
be made in such detail without departing from the spirit and 
principles of the invention. 

What is claimed is: 35 

1. A composite honeycomb core structure comprising: 

a. a first layer of materia! containing a plurality of 
structural fibers arranged to lie substantially unidixec- 
tionally within said layers; said plurality of structural 
fibers of said first layer being heat conductive along 40 
said unidirectional arrangement; 

b. a second layer material positioned adjacent said first 
layer, said second layer containing a plurality of struc- 
tural fibers in either random or unidirectional configu- 
ration; 45 

c. a third layer of material adjacent said first layer, said 
third layer of material containing a plurality of struc- 
tural fibers arranged to lie substantially urudirectionaliy 
within said third layer; and 

so 

d. an impregnating material for forming 3 matrix con- 
necting said first and second layers binding said fibers 
within said first and second layers, said fust, second, 
and third layers being formed into a honeycomb core, 
said first, second, and third, fiber- con taming layers of 
material forming the cell walls of said honeycomb core. 
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2. The composite honeycomb core structure of claim 1 in 
which said structural fibers of second layer are heat con- 
ductive. 

3. The composite honeycomb core structure of claim 1 in 
which said structural fibers of said third layer are heat 
conductive along said unidirectional arrangement. 

4. The composite honeycomb core structure of claim 2. in 
which said structural fibers of said third layer are heat 
conductive along said unidirectional arrangement. 

- S. A composite honeycomb core structure comprising! 

a. a first layer of material containing a plurality of 
structural fibers arranged to lie substantially unidirec- 
tionally within said layer; 

b. a second layer material positioned adjacent said first 
layer, said second layer containing a plurality of struc- 
tural fibers in either random or unidirectional 
configuration, said plurality of structural fibers of said 
second layer being heat conductive; 

c. a third layer of material adjacent said first layer, said 
third layer of nvucriai containing a plurality of struc- 
tural fibers an an to lie substantially unidiredionally 
within said third i;iyer. and dL am impregnating material 
for forming a matrix connecting said first and second 
layers binding said fibers within said first and second 
layers, said fust, second, and third layers being formed 
into a honeycomb core, said first, second, and third 
fiber-containing layers of material forming the cell 
walls of said honeycomb core. 

6. The composite Umeycomb core structure of claim 5 in 
which said su*uctur:d fibers of said third layer are heat 
conductive alony said unidirectional arrangement. 

7. A composite honeycomb core structure comprising: 

a. a first layer of material containing a plurality of 
structural fiber.-, arranged to lie substantially unidirec- 
tional! y within said layer; 

b. a second layer "/ material positioned adjacent said first 
layer, said second layer containing a plurality of struc- 
tural fibers in either random or unidirectional configu- 
ration; 

c. a third layer of material adjacent said first layer, said 
third layer of material containing a plurality of struc- 
tural fibers arra.iged to lie substantially unidirectionally 
within said^hird layer, said structural fibers of said third 
layer being ht u conductive along said unidirectional 
arrangement: .ind 

d. an impregnating material for forming a matrix con- 
necting said first and second layers binding said fibers 
within said firu and second layers, said first second, 
and third layers being formed into a honeycomb core, 
said first, seend. and third fiber-containing layers of 
material formin g the cell walls of said honeycomb core. 

***** 
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